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Twenty-ﬁve- and 22-y-old Japanese women, who are cousins, presented with distal skin fragility, widespread small,
pigmented macules, and toenail deformity. Blisters occurred between the epidermis and the dermis with degen-
eration of the basal cells, suggesting epidermolysis bullosa simplex with mottled pigmentation (EBS-MP). Electron
microscopy of the pigmented spots demonstrated vacuolization of basal cells as well as disturbed junctional
structures and incontinence of pigmentation. Gene analysis resulted in detection of a heterozygous deletion of a
guanine nucleotide in exon 9 at position 1649. P25L mutation was not detected in either case. It is possible that
EBS-MP occurs not only based on the P25L mutation of the keratin 5 molecule, but also because of other types of
mutations of epidermal keratin genes.
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Epidermolysis bullosa simplex with mottled pigmentation
(EBS-MP) is characterized by distal skin fragility, and wide-
spread pigmented macules. All previously reported cases of
EBS-MP examined demonstrated a heterozygous point
mutation, P25L, in the non-helical V1 domain of keratin-5
(K5) molecule (Uttam et al, 1996; Irvine et al, 1997, 2001;
Moog et al, 1999; Hamada et al, 2004). Recently, we en-
countered a Japanese female and her cousin affected with
distal skin fragility, distribution of pigmented macules, toe-
nail deformity, and histological findings of subepidermal
blister with basal cell degeneration, compatible with EBS-
MP. Gene analysis demonstrated, however, that both pa-
tients had no mutation in V1 domain of the KRT5, but
1649delG mutation in the V2 domain of the gene. We de-
scribe a possibility that EBS-MP is based on gene mutation
other than P25L in V1 domain of K5.
Case Report
Case 1 A 25-y-old Japanese female presented with small
blisters on the distal portion of the extremities and the ab-
domen. These blisters re-epithelized in a short period leav-
ing no scarring (Fig 1A,B), but were recurrent. Blistering
began in her infancy, and the degree had lessened as she
aged, but showed exacerbation in the summer season.
Small spots of striking polygonal hyper-pigmentation were
also seen all over the trunk and extremities. It was the pa-
tient’s statement that most of the pigmented spots were
not the result of apparent blistering, although some of the
pigmentation on the extremities seemed to be residual
marks of blistering. On the abdomen and back, whitish
spots were also seen, and these disturbed color tone
giving an impression of dirty skin (Fig 1C). There were no
other abnormalities detected on laboratory investigation,
or examinations of bone structure and intelligence, but
relatively small toenails, especially of fourth and fifth
toes were noted. The histology of the blister revealed sub-
epidermal separation with degeneration of the basal cells
(Fig 1D), and that of the pigmented spot was vacuolization
degeneration of the basal cells and incontinence of pig-
mentation in the upper dermis (Fig 1E ). Ultrastructural
examination of tissues adjacent to a blister did not detect
any remarkable changes in the epidermis; normal arrange-
ment of tonofibrils and absence of the clumping. On the
other hand, a sample obtained from a pigmented spot
demonstrated liquefaction degeneration-like vacuolization
in the lower keratinocytes, deformed structure of epider-
mal–dermal junction, and protrusion of the cytoplasm
of vacuolized keratinocytes through discontinued basal
lamina. The accumulated melanosomes were detected in
some lower epidermal cells. No remarkable abnormalities of
individual tonofibril bundles were seen (Fig 1F–H ).
Case 2 A 22-y-old female, a cousin of case 1 presented
with a distribution of tiny pigmentation spots resembling
Abbreviations: EBS-MP, epidermolysis bullosa simplex with mot-
tled pigmentation; K5, keratin-5
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those of case 1. This patient had demonstrated blistering in
her youth, but remarkable blisters had seldom recurred
in recent years. Although blistering and pigmentation were
less severe than those in case 1, the toenails were smaller
than those of case 1. The mother of case 1 and the father of
case 2, who were siblings, a younger brother of case 1, and
their grandmother also demonstrated blistering and pig-
mentation (Fig 1I ).
PCR Ampliﬁcation and DNA Sequence
The following experiments were performed under the ap-
proval of medical ethical committee of the Osaka Red Cross
Hospital, and were conducted according to Declaration of
Helsinki Principles. Total genomic DNA was extracted from
peripheral blood lymphocytes of both cases (obtained un-
der written informed consent and permission), then sub-
jected to mutation screening of the genes encoding K5 and
K14, KRT5 (GeneBank Accession no. M21389) and KRT14
(GeneBank Accession no. J00124). The segments of the KRT5
and KRT14 genes including all exons and all exon–intron bor-
ders were amplified by PCR using pairs of oligonucleotide
primers synthesized according to the previous report (Soren-
sen et al, 1999). For PCR amplification, approximately 200 ng
of genomic DNA, 40 pmol of each primer, 0.5 mM MgCl2, 20
mmol of each dNTP, and 1.25 U of Taq polymerase were used
in a total volume of 50 mL. The amplification conditions were
941C for 5 min, followed by 40 cycles of 941C for 45 s, 561C–
621C for 45 s, and 721C for 45 s, and extension at 721C for 10
min in GeneAmp PCR System 9700 (Applied Biosystems,
Foster City, California). The PCR products were subjected to
automated nucleotide sequencing in an ABI 3100 genetic
analyzer (Perkin Elmer, Warrington, UK).
We could not find any potential pathogenic mutations in
KRT14 gene. Although sequence analysis of exons 1–8 of
KRT5 did not demonstrate any mutation, analysis of exon 9
of KRT5 demonstrated a heterozygous deletion of a G nuc-
leotide at position 1649 (1649delG, Fig 2). As a result of the
1649delG mutation, the carboxyl-terminal domain is pre-
dicted to have been replaced by an aberrant sequence of
76 amino acids very rich in alanine and proline residues that
is 35 amino acids longer than the wild type.
Discussion
Every keratin protein has a central a-helical rod domain,
which is flanked on each end with non-helical amino- and
carboxyl-terminal domains. The rod domains play a crucial
role in intermediate filament assembly and organization,
whereas non-helical domains, head, and tail domains, are
thought to be less functional (Steinert et al, 1993). In review
of previous reports, all the cases of Dowling–Meara and
Koebner types of EBS showed mutations in 1A or 2B or L12
domain of K5 or K14. Mutations in the H1 domain, however,
Figure 1
Clinical appearance, histology and family pedigree of the cases of
epidermolysis bullosa simplex with mottled pigmentation. (A) A
ruptured blister on the fourth toe. (B) Tiny blisters (arrows) on the left
dorsal hand leaving faint pigmentations. (C) Dark brown-pigmented
spots and whitish hypo-pigmented macules were distributed on the
lower back. These spots were not residues of the blistering. (D) His-
tology of the blister showed subepidermal cleavage with degenerated
basal cells (arrows). (E) Histology of the pigmented spot was vac-
uolization degeneration of the basal cells (arrows) and incontinence of
pigmentation of the dermis (arrowheads). (F) Ultrastructural examina-
tion of the pigmented spot disclosed liquefaction degeneration-like
vacuolization in the lower keratinocytes (asterisks). (G) Enlarged pho-
tograph of the left rectangular area of (F) presents intracytoplasmic
hemidesmosomes (arrows), and indistinct hemidesmosomes and lam-
ina demsa, indicating deformed structures of epidermal–dermal junc-
tion. (H) Enlarged photograph of the right rectangular area of F
demonstrates protrusion of the cytoplasm (including clumped melano-
somes) of vacuolized keratinocytes (asterisk) through the discontinuous
basal lamina (between the arrowheads). (I) Pedigree of the family. The
mother and younger brother of case 1, the father of case 2, and the
grandmother were affected.
Figure2
Mutation analysis of the epidermolysis bullosa simplex patients.
The sequence analysis of the PCR fragments discloses a heterozygous
deletion of 1649th guanine in exon 9 of KRT5 (lower case), leading to a
frameshift and delayed termination codon (upper case).
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can lead to the Weber–Cockayne type of EBS, the mildest
form of EBS (Chan et al, 1993; Erhlich et al, 1995; Muller
et al, 1998), whereas mutation in the V1 domain in EBS-MP
cases, the second mildest form of EBS. Our cases demon-
strated that not only P25L mutation of the V1 domain, but
also 1649delG mutation of the V2 domain leads to EBS-MP.
It is of interest that the 1649delG mutation described
here is identical to the mutation seen in EBS with migratory
circinate erythema (Gu et al, 2003), which shows very dif-
ferent clinical features from ours; migrating circinate ery-
thema with vesicles. Although adult members in the Korean
family reported demonstrated hyper- and hypo-pigmenta-
tion patches after blistering, the striking clinical features of
their cases are circinate, band-like erythema with blisters
seen in infancy, which were never seen in our cases. Recent
investigations disclosed that the relationship between types
of genomic mutation and clinical phenotypes is not defin-
itive but very complex, and similar genomic mutations can
show different subtypes of EBS (Hut et al, 2000). For ex-
ample, the identical L463P mutation in K5 was demonstrat-
ed in subtypes of Weber–Cockayne (Nomura et al, 1997)
and Koebner (Dong et al, 1992) in EBS. The mutations in V2
domain of a keratin family are usually small insertions/de-
letions leading to frameshift, which results in translation of
an aberrant tail peptide (Sprecher et al, 2001; Whittock et al,
2002; Gu et al, 2003; Sprecher et al, 2003). These mutations
are strongly associated with unusual phenotypes and con-
tribute phenotypic heterogeneity of keratin disorders
(Sprecher et al, 2003). Of the previously reported V2 muta-
tions only two, 1635delG (Sprecher et al, 2003) and 1649
delG (Gu et al, 2003) were in KRT5. Characteristic feature of
the case with 1635delG was marked improvement of the
skin fragility with age, while that of the case with 1649 delG
was circinate erythema and the resulting brown pigmentat-
ions. Interestingly, the present case was harboring 1649-
delG mutation. The differences in the clinical features
between our cases of EBS-MP and cases of EBS with
migratory circinate erythema cannot be explained by the
disease severity, suggesting the presence of complicated
mechanisms underlying the pathogenesis of EBS.
The liquefaction degeneration-like vacuolization of kera-
tinocytes, specifically observed in pigmented spots in our
cases, may elucidate the mechanism of formation of
mottled pigmentation. Such findings of degeneration have
already been reported in the literature. Prominent vac-
uolization of the basal cells with colloid bodies formation
and discontinuous, as well as multiplied lamina densa
(Coleman et al, 1993), and cytoplasmic projection of the
basal cells through interrupted lamina densa (Bruckner-
Tuderman et al, 1989) were observed in cases of EBS-MP, in
which there were no DNA analyses performed. In the latter
case, the pigmentation manner bears resemblance to our
cases: distinct polygonal hyper-pigmentation. Recently, a
Japanese family with EBS-MP were confirmed to have P25L
mutation of K5 and showed basal vacuolization similar to
our findings (Hamada et al, 2004). These findings, including
those in our cases, suggest that the integrity of the dermal–
epidermal junction is damaged. Dyschromatosis of EBS-
MP, at least of some cases, may be because of subclinical
disturbance of the junctional structures, the basal cells and
the lamina densa.
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